The density, viscosity and ultrasonic speed (2MHz) of chloroform and symmetric double Schiff bases have been investigated at 308.15K. Various acoustical parameters such as specific acoustical impedance(Z), adiabatic compressibility(К a ), Rao's molarsound function(R m ), Vander Waals constant(b), internal pressure(π), free volume(V f ), intermolecular free path length(L f ), classical absorption coefficient(α/f 2 ) Cl ) and viscous relaxation time(τ) were determined using ultrasonic speed(U), viscosity() and density() data of Schiff bases solutions and correlated with concentration. Increasing linear or nonlinear trends of ( Z, Rm, b, τ and (α/f 2 ) Cl ) and decreasing trend of К a, L f, , π and V f with increasing concentration of Schiff bases suggested presence of strong molecular interactions in the solutions and solvophilic nature of the Schiff bases, which is further supported by the positive values of solvation number. The nature and position of substituent also affected the strength of molecular interactions.
INTRODUCTION
The chemistry of Schiff bases (-CH=N-) have played vital role in progress of chemical science 1 . Symmetric double Schiff bases are synthesized by acid catalyzed condensation of aromatic primary diamines with aromatic aldehydes by conventional and microwave irradiation methods 2 . Schiff bases find their applications as catalysis, corrosion inhibitors, analytical reagents, additives in synthetic lubricants and for synthesis of metal complexes due to electron donor properties [3] [4] [5] .Schiff bases are also used as a starting material of drug such as antimicrobial, antibacterial, antifungal, antiallergic, antiphlogistic, antitumor, anticancer and antidepressant [6] [7] [8] . Drug action is also affected by various kinds of physico-chemical interactions e.g. ionic or covalent, charge-transfer, hydrogen bonding, ionic-dipole interaction, hydrophilic interaction. Density, viscosity and ultrasonic speed data are helpful in analyzing such physico-chemical molecular interactions [9] .
In recent years, ultrasonic has become the subject of extensive research in different fields of sciences namely consumer industries, epoxy resin solutions, polymers, engineering, medical field, pharmaceutical industries [10] [11] [12] . It is also found most suitable to investigate various organic compounds (liquids) and Schiff bases [13] . Ultrasonic studies in aqueous and non aqueous electrolytic solutions have lead to new insight into ion-solvent interactions and provide valuable information about the ionic interactions and the nature and the strength of interactions [14] .Recently many investigators have reported the influence of solvent, concentration, temperature and the nature of the substituents on the structure of Schiff bases and molecular interactions in the solutions [15] [16] [17] .
With a view to understand the molecular interactions occurring in the Schiff base solutions, here with we have reported determination of density, viscosity and ultrasonic speed of the solutions of symmetric double Schiff bases of 1, 1'-bis (4-amino phenyl)cyclohexane in chloroform at 308.15K and also various acoustical parameters to support structural modification in the solutions because of molecular interactions.
EXPERIMENTAL
Chloroform (CF) used in the present study was supplied by Allied Chemical Corporation Vadodara, and purified according to literature method [18] . Schiff bases (SDSB-1 to SDSB-5) were synthesized and crystallized according to our previous work [2] (Scheme-I). The stock solutions of Schiff bases (0.10M) were prepared in chloroform at room temperature and from them a series of solutions were prepared and stored in air tight bottles to avoid moisture contact. 
MEASUREMENTS
The density (ρ), viscosity (η) and ultrasonic speed (U) measurements of CF and SDSB-1 to SDSB-5 solutions were measured at 308.150.1 K by using specific gravity bottle, Ubbelohde suspended level viscometer and Mittal Enterprise Interferometer (New Delhi) Model No F-81, operating at 2 MHz, respectively. The ρ, η and U measurements were accurate to 0.1 kg m -3 , 0.01 mPa s and 0.15%, respectively. Using ρ, η and U data various acoustical parameters have been derived according to our previous work [19] [20] .
RESULTS AND DISCUSSION
The ρ η and U data of CF, SDSB-1 to SDSB-5 at 308.15K are reported in Table 1 . Various acoustical parameters such as specific acoustical impedance(Z), adiabatic compressibility(К a ), Rao's molar sound function(R m ), Vander Waals constant(b), internal pressure(π), free volume(V f ), intermolecular free path length(L f ), classical absorption coefficient(α/f 2 ) Cl ) and viscous relaxation time(τ) were derived using density(), viscosity() and ultrasonic speed(U) data of Schiff bases solutions and are reported in Table 2 . These parameters are correlated with concentration (C) of the Schiff bases. The least squares equations along with correlation coefficients() are reported in Table 3 from which it is observed that a fairly good to excellent correlation between a given parameter and concentration of Schiff bases was observed. From Table 1 , it is observed that the density of SDSB-1 to SDSB-5decreased, while both the viscosity and ultrasonic speed increased with increasing concentration of Schiff bases indicating existence of strong molecular interactions in the solutions [21] .In accordance to low of additivity the decrease of density with concentration of Schiff bases also confirmed that the densities of Schiff bases are less than that of chloroform. Molecular interaction affects the cohesive forces and structural modification, which result change in transport, acoustical and thermodynamic properties of the solution under a set of experimental conditions. It is observed that Z (γ = 0.959-0.985) increased with increasing concentration of Schiff bases supported molecular interactions in the solution [22] . Both Z and К a depend upon ρ and U of the solutions. К a (γ = -0.995 to -0.998) and L f (γ = -0.989 to -0.998) decreased linearly with increasing concentration of Schiff bases confirming aggregation of chloroform molecules around Schiff bases molecules 23 further supported existence of molecular interactions in the solutions. The intermolecular free path length (L f ) is another parameter, which is calculated using ultrasonic speed and adiabatic compressibility. Decrease in intermolecular free path length leads to positive deviation in ultrasonic speed and negative deviation in adiabatic compressibility [24] further supported that the molecules are nearer in the solution [25] . Table 3 . The least square equations and correlation coefficients for SDSB-1 to SDSB-5 at 308.15K. 
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The linear increase of R m (γ = 0.999 to 1.000) and b (γ = 0.999 to 1.000) with increasing concentration suggested the absences of complex formation between solute and solvent in the solution. The internal pressure (γ = -0.896 to -0.991) decrease linearly with increasing concentration of SDSB-1 and SDSB-4, nonlinearly in case of SDSB-2, SDSB-3 and SDSB-5 indicated weakening of cohesive forces [26] Free volume is the average volume in which the center of molecule can move due to repulsion of the surrounding molecules. It is observed that V f (γ = 0.957 to -0.998) decreased linearly with increasing concentration of SDSB-1, SDSB-2 and SDSB-4; and nonlinearly in case of SDSB-3 and SDSB-5.Molecular structure get affected by solvent-solute and solutesolute interactions. The decreasing value of V f with increasing concentration of Schiff bases indicated that apparent molar mass of the solute is predominant over apparent molar volume of the solute resulting in decreasing of density of the solution. The decrease in free volume may also be due to close packing of the molecules inside the shield, which may be brought about by strong molecular interactions [27] .
Both (α/f 2 ) cl and τ are depend upon ρ, η U and temperature. Both (α/f 2 ) cl (γ = 0.921 to 0.999) and τ (γ = 0.964 to 0.999) increased linearly with concentration of Schiff bases. A contribution of acoustical relaxation is accounted due to entropy fluctuation associated in solution of dynamically formed physical entity. Derived acoustical parameters suggested the solvophilic nature of Schiff bases in chloroform at 308.15K.
The solvation number (S n ) is a measure of structure forming or structure breaking tendency of the solute in a solution. The increase in solvation number indicates the structure forming tendency of the solute, whereas decrease in S n indicates structure breaking tendency of the solute 28 . The solvation numbers with increasing concentration of SDSB-1 to SDSB-5 are reported in Table 4 . In case of SDSB-1, SDSB-2 and SDSB-4, Sn increased, reached maximum then decreased with increasing concentration. The maximum solvation is observed at 0.06, 0.04 and 0.06 moldm -3 , respectively for SDSB-1, SDSB-2 and SDSB-4. In case of SDSB-3, Sn decreased with increasing concentration up to 0.04moldm -3 and then increased up to 0.06moldm -3 and then decreased. In case of SDSB-5, Sn decreased considerably up to 0.01moldm -3 and it is increased, reached maximum at about 0.04moldm -3 and then decreased with increasing concentration. The lone pairs of electrons of azomethine, nitro, N,N'-dimethyl, phenoxy groups and chlorine of chloroform are electronegative groups, while hydrogen of azomethine, methyl hydrogen of N,N'-dimethyl and hydrogen of chloroform are electropositive groups. Because of opposite dipole-dipole attraction forces between solvent and solute resulted in structure formation, i.e. H-bonding and of the same type resulted in structure breaking tendency. The linear increase with maximum showed that solute-solute interaction is predominant over solvent-solute interaction. It is likely that SDSB-2 can form both intra and intermolecular H-bonding, while SDSB-1, SDSB-3, SDSB-4 and SDSB-5 can form only intermolecular H-bonding. All the five Schiff bases showed their characteristic solvation tendency due to their different geometric structure containing different substituent, their size and nature.
Conc
CONCLUSION
From the experimental findings it is concluded that symmetric double Schiff bases showed structure forming tendency in chloroform system. Both solvent-solute and solutesolute interactions are observed in the present case. The different structure of the Schiff bases led to diversity into molecular interactions.
